Abstract: Thoracoscopic 
Introduction
Thymic lesions in children are challenging to diagnose owing to its rarity and variation in size and radiographic appearance with age. Surgical treatment of these lesions is even more difficult owing to its proximity to great vessels and phrenic nerve demanding a meticulous approach. Thymoma associated with or without myasthenia gravis, Thymic cyst and Thymic Abscess are few indications of thymectomy in children. Approach to thymus includes trans-sternal , trans cervical and video assisted thoracoscopic approach. Ever since Talbert put thoracoscopy into its first practical use for paediatric patients [1] , it has become the standard of care for most of the thoracic lesions. Thoracoscopic thymectomy was first introduced by Sugarbaker in 1993 [2] . This study is presented to share our experience in thoracoscopic thymectomy in non myasthenia gravis thymus lesions and highlight certain technical points that would aid in safe and effective thoracoscopic thymectomy surgery.
II. Materials And Methods
All cases diagnosed as anterior mediastinal masses from May 2006 to May 2016 in Department of Paediatric Surgery, Coimbatore medical college and hospital were reviewed and those patients with the final diagnosis pertaining to thymus, managed thoracoscopically were retrospectively analysed. This study was presented in our institutional ethical committee and approval obtained. Demographic data, presenting complaints, clinical and radiologic findings, and final diagnosis were noted for all the patients. Families of all the patients were explained about the indication and nature of surgery and consent was obtained. Operating time, post operative hospital stay duration, complications and final histopathology diagnosis of patients undergoing thoracoscopic approaches were recorded. Results were reported as percent or mean ± standard deviation wherever appropriate.
2.1Patient selection:
Although most of the thymic lesion's in pediatric population are due to myasthenia gravis, none of our cases were associated with it. All our cases were referred from paediatrics department either with symptoms related to thymus or diagnosed incidentally during evaluation for respiratory distress. We had 12 cases of thymic lesions out of which 6 were operated by standard open median sternotomy approach and 1 was operated by supraclavicular approach. Our last 5 cases were operated thoracoscopically. Diagnoses of all these 5 cases were preoperatively confirmed with contrast CT scan. Out of these 5 cases, 3 were thymoma , 1 case was thymic abscess and another was congenital thymic cyst.
2.2Technical details:

OT Setup:
The anesthetist in the head end, the surgeon and the first assistant to the right of the patient, the nurse on the right side near foot end and the monitor placed on the left side of patient satisfying ergonomic principles of thoracoscopy
2.2.2Anesthesia:
We have used double lumen endotracheal tube ventilation successfully in all our cases with decreased tidal volume and increased rate of ventilation thereby minimizing lung interference in the surgical field. Lung Isolation with bronchial blockers or double lumen catheter can be achieved which is a luxury but not a necessity.
Positioning:
Supine posture with a 10-20* left lateral tilt with the help of a rolled towel or sanbag is sufficient to approach the thymic area. True lateral position is not recommended as the apical lobe of right lung interferes in dissection of thymic area.
2.2.4Approach:
The thymus can be approached either via the right or left hemithorax. We Prefer The Right Hemithorax Approach Since It Is Ergonomically Easier For A Right Handed Surgeon To do a Cranial to Caudal Dissection and the delineation of anatomy is better through right hemithorax approach.However some authors prefer left hemithorax approach for ease of dissection in aorto-pulmonary window and left pericardio phrenic angle and also for good visualization of left phrenic nerve. The side that provides better outcomes remains controversial [3} .
2.2.5Port positioning and insufflation:
The port positioning is not fixed and it varies from surgeon to surgeon. We prefer to use three thoracoports, single 5mm 30* camera through 4 th or 5 th intercostals space in the midclavicular line and two 5mm working ports one through 6 th or 7 th intercostal space and the other via 2 nd or 3 rd intercostals space along anterior axillary line. (Figure 1a ) Although, in some centers dual cameras with double monitors are used, it does not add any extra advantage. Initial flow rate was kept at 0.5 L/mt and subsequently increased to 6-8 L/mt. The CO2 insufflation pressure was kept safely at 10 mm Hg without any hemodynamic compromise [4] .
2.2.6Delineation of anatomy:
Defining the anatomy of thymic area is important. The landmarks are phrenic nerve on either side, pericardium inferiorly, and internal thoracic vessels superiorly. The right phrenic nerve identified lateral to brachicephalic vein and coursing above Superior vena cava. (Figure 1 b) The left phrenic nerve courses lateral to arch of aorta. The cephalad extent of two lobes of thymus in some cases can be upto thyroid isthmus but they can be easily and safely dissected from the mediastinum.
Dissection:
The mediastinal pleura in the thymic area is first incised either by sharp dissetion or using hook cautery. The thymic tissue is differentiated from surrounding fat by its lobulation's, texture and pale yellowwhite colour. Once the thymic tissue is identified it is essential to dissect as close to the thymic tissue as possible to avoid injury to vital structures. The thymus is covered by a thin fibrous capsule, the key is to hold this capsule with endograsper to provide traction during dissection. (Figure 1c )The cephalic portion of thymus is dissected initially with a Maryland bipolar, carefully cauterizing the thymic veins draining into innominate veins. Any error in this dissection can cause troublesome bleeding. Dissection is proceeded circumferentially and wherever thymic vessels from internal mammary artery and brachiocephalic vein are encountered they can be either clipped and ligated or cauterized using bipolar or harmonic if available. (Figure 1d The upper lobes are thin and can be easily pulled into mediatinum with adequate traction. The lower poles are usually thick and diffuse into pericardial fat, it is essential to remove the thymus along with this fatty tissue to clear all ectopic thymus tissue [5] . Unless the thymoma has infiltrated, there is a definite plane between thymus and anterior pericardium which is utilized during dissection. In one case of thymic abscess as the structures were densely adherent due to inflammation, the initial plane of dissection was just beneath sternum which is an avascular zone and then the abscess was drained with a suction cannula and the remaining capsule carefully dissected from adjacent structures. (Figure 2a-c) Once the dissection is completed in the thymic area, all possible ectopic sites should be inspected and all fatty tissues should be removed. The sites to be inspected are aortocaval groove, aortopulmonary groove, left pericardiophrenic and right pericardiophrenic angles. 
Extraction of thymus:
Once thymectomy is completed the specimen can be removed quite easily through the anterior most port, as anterior space is wider compared to lateral intercostals space. The specimen removed with the help of a sponge holding forceps in an endobag or modified glove bag which is a good alternative. The intercostals drainage tube is kept via 6 0r 7 th space working port. Intercostal nerve block is admininstered with 025% of bupivacaine 5 ml diluted to 10 ml.
III. Results
Patients who underwent thymectomy in the last ten years from May 2006 to May 2016 were included. 12 patients (10 male and two female children) were identified as a part of the study. Age range was between 6 to 13 years. 7 children were operated via open approach and 5 thoracoscopically. All the five children operated thoracoscopically were male. The cases operated thoracoscopically include 3 cases of thymoma , one case of thymic abscess and one case of thymic hyperplasia. (Table 1) There was no intraoperative complication during thoracoscopy in any of these 5 cases. The operating time ranged from 60 minutes to 98 minutes (mean 83 minutes). The mean length of post operative hospital stay in the thoracoscopic cohort was 2.5 ±1.5 days. (Table 2 thoracoscopically. The severity of pain and postoperative movement restriction was less in the thoracoscopic approach. However, given our small sample size this did not reach significance.
' 
IV. Discussion
Thoracoscopy has become the standard of care in most of the pediatric thoracic diseases like empyema [6] , congenital lung lesions, trachea esophageal fistula, medistinal masses and thoracic duct ligation. Thymus was traditionally being approached either by median sternotomy or supraclavicular approach, with the advent of improved instrumentation and anesthesia more centers are now taking up thoracoscopic thymectomy. The results clearly demonstrate improved morbidity and better patient outcomes. Indications for thymic surgery included symptomatic patients with radiologically identified thymic lesion [7] . We did not operate on asymptomatic patients with enlarged thymus and just followed them up. In 2010 Youssef and colleagues from Seattle described their initial experience of 8 minimally invasive thymectomies and 8 traditional sternotomy thymectomies [8] . They demonstrated similar results. The length of stay for the minimally invasive thymectomies was significantly shorter at 2.4 days as compared with 4.3 days for the sternotomies (P=0.001). Our results are almost identical. The approaches for the minimally invasive thymectomies that Youssef et al. employed are slightly different that ours, but the end result is same. In 2013 Whitson et al demonstrated similar results with the mean length of stay significantly shorter in the VATS cohort at 2.3±1.2 days as compared with 4.3±2.9 days with the sternotomy approach [9] . There was no difference between approaches in the duration of chest tube drainage postoperatively. There was a trend toward less frequent complications in the VATS approach as compared with the sternotomy approach.
The leading cause of thoraoscopic thymectomy in western setup is myasthaenia gravis and thymoma [10] . In developing country, like ours minimally invasive thymectomy remains a challenge due to less number of cases, steeper learning curve and deficient resources. But still, with maximal efforts it needs to be done in the purview of minimal postoperative complications and better cosmetic outcome [11] [12] [13] .
V. Conclusion
In many centers thoracoscopic thymectomy has become the standard of care even for high grade thymomas and in our study we like to emphasis that eventhough it is a technically demanding surgery, it has to be mastered as patient outcomes improve drastically with VATS. Getting used to the orientation of anterosuperor mediatinal anatomy during more commonly performed surgeries like empyema decortications or lung biopsies will help during thymectomies. Simple techniques like double lumen ventilation with less tidal volume and easily available cost effective instruments like bipolar cautery and modified glove bag is sufficient to perform thymectomy effectively in children with appreciable safety margin. With effective decrease in operating time, VATS is the need of the hour in developing countries, proving to be highly effective in terms of decreased post operative hospital stay, decreased work off time for the parents and also improved cosmesis. 
